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A method for storing data in a memory, a system, an electronic device 
and a memory card 

Cross-Reference to Related Applications 

5 

This application claims priority under 35 USC §119 to Finnish Patent 
Application No. 20035041 filed on March 31, 2003. 

Field of the Invention 

10 

The present invention relates to a method for performing a memory 
processing function in a block memory, wherein there are memory 
cells, where data can be stored, and a connection bus, wherein there 
is at least a ready/busy line, which can be set at least to a ready status 

15 and to a busy status, and in which method setting the status of said 
ready/busy line to said busy status is performed in the beginning of the 
processing function, and detection of processing errors is performed, 
and the end of processing function is indicated by setting said 
ready/busy line into said ready status. In addition, the present 

20 invention relates to a system, which comprises an electronic device, 
wherein there is block memory, where there are memory cells, wherein 
data is arranged to be stored, and a connection bus, wherein there is 
at least a ready/busy line, which is arranged to be set at least to a 
ready status and to a busy status, and which block memory comprises 

25 means for setting the status of said ready/busy line to said busy status 
in the beginning of the processing function of the block memory, a 
comparator for detecting processing errors, and the end of processing 
function is arranged to be indicated by setting said ready/busy line into 
said ready status. In addition, the present invention relates to an 

30 electronic device, which comprises block memory, wherein there are 
memory cells, where data is arranged to be stored, and a connection 
bus, wherein there is at least a ready/busy line, which is arranged to 
be set at least to a ready status and to an busy status, and which block 
memory comprises means for setting the status of said ready/busy line 

35 to said busy status in the beginning of the processing function of the 
block memory, a comparator for detecting processing errors, and the 
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end of processing function is arranged to be indicated by setting said 
ready/busy line into said ready status. The invention also relates to a 
block memory, wherein there are memory cells, where data is 
arranged to be stored, and a connection bus, wherein there is at least 
5 a ready/busy line, which is arranged to be set at least to a ready status 
and to a busy status, and which block memory comprises means for 
setting the status of said ready/busy line to said busy status in the 
beginning of the processing function of the block memory, a 
comparator for detecting processing errors, and the end of processing 
10 function is arranged to be indicated by setting said ready/busy line into 
said ready status. 

Background of the Invention 

15 There are known memories, where data programming into the memory 
and reading the stored data is performed in larger units instead of 
bytes/words. For example, NAND memories and NOR memories 
consist of memory cell matrices. Each line of this type of a matrix 
forms one page. Larger assemblies (blocks) can be gathered from 

20 these lines, in which case a part of memory operations is page-specific 
and a part relates to one or more blocks. The size of a page is, for 
example, in a 64-megabyte NAND memory 528 bytes, from which 16 
bytes are so called Spare bytes, i.e. the number of usable bytes on 
one page is 512. In this example memory, one block consists of 16 

25 pages, but other block sizes can also be used. In this description, such 
memories are also called block memories. 

NAND memories do not include an address bus, but communicating 
the addresses to the memory is performed via a data bus. The width of 

30 the data bus is typically 8 bits. Typically, in NAND memories the 
programming of data into the memory and reading the data from the 
memory is performed one page at a time, but, for example, erasing the 
memory (setting the memory cell to a certain value, either to a 0-status 
or to a 1 -status) is performed by blocks. Changing the data of an 

35 individual byte requires rewriting the data of that entire page where the 
byte to be changed is located. The use of this type of memory is 
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somewhat more complicated than the use of a conventional Random 
Access Memory (RAM). When data is written to this type of memory, 
the operation is typically such, that the processor of a device sends the 
data to be stored one page at a time to the memory controller, which 
5 forwards the data to the memory. The memory is first informed the 
address of the programming location, typically the base address of the 
page. This takes place in such a manner, that a command referring to 
this is set to the I/O bus, after which a pulse is set to the command 
line, in which case the memory reads the command in the I/O bus. In 
10 addition to the command, also the address of the programming 
location is provided this way. In the next step, sending the data from 
the pages to be saved from the memory controller to the memory is 
started, typically bit by bit. There is cache in the memory, where the 
page to be stored into the memory is written. 

15 

After storing the data, the validity of programming is checked. In some 
memories according to the prior art this is performed automatically 
after each stored page by comparing the stored data to the data that 
was to be stored. The status of the comparison is stored into a status 

20 register inside the memory. The status of this status register can be 
checked after the programming by sending a command to read the 
status register to the memory, which the memory answers with the 
contents of the status register. Thus, the memory controller can, on the 
basis of this status data, conclude whether the data was stored 

25 correctly. In order to send the status data of programming, the memory 
controller communicates, for example, an interrupt request to the 
processor, which on the basis of this reads the status data sent by the 
memory controller. This type of an arrangement has e.g. the 
disadvantage that interrupts come to the processor after the 

30 processing of each page, even though the data would be stored in the 
memory correctly. The amount of data to be stored can be quite large, 
in which case there are many interrupts, which slows down the 
operation of the processor. 

35 There are several memory structures as described above, which are 
based on different techniques, such as NAND, XOR, etc. However, 
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what these memories have in common is that the data remains in them 
after the operating voltages are removed, i.e. they are so-called non- 
volatile memories. In addition, the programming of data to this type of 
non-volatile memory is slower than dynamic and static random access 
5 memories. 

Non-volatile memories can be arranged as memory cards, which can 
be attached to an electronic device in a releasable manner. This type 
of memory card can thus be moved from one device to another, which 

10 makes it possible to e.g. transfer data between devices. For example, 
in a digital camera the images can be stored into a memory card. After 
programming the memory card can be removed from the digital 
camera and placed, for example, in a computer or a mobile 
communication device. Thus the images can be read from the memory 

15 card into the memory of this other device. Other memory card 
applications include the programming of program files, videos, music, 
text files, etc. 

Even though it has been presented above that a memory controller 
20 has been arranged for memory processing, via which the transmission 
of data between the processor and memory is performed, it is clear 
that the processor can control the memory directly as well. Thus, 
however, the load in the processor caused by the memory processing 
is even greater than when using a memory controller. 

25 

Summary of the Invention 

It is an aim of the present invention to provide an improved method 
and a system for storing data in a memory, as well as a memory and a 

30 device applying the method. The invention is based on the idea that 
information on the programming is transmitted to the processor only if 
an error has occurred in the programming. This data transmission can 
be arranged advantageously with an interrupt, which can be 
transmitted along some line existing on the interface of the memory or 

35 a line formed for this purpose. To be more exact, the method 
according to the present invention is primarily characterized in that if a 
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processing error is detected, the status of said line, for instance a 
ready/busy line which can be set to a ready status or a busy status, is 
changed from said ready status back into said busy status. The 
system according to the present invention is primarily characterized in 
5 that after detecting a processing error the status of said ready/busy 
line is arranged to be changed back into said busy status. The 
electronic device according to the present invention is primarily 
characterized in that after detecting a processing error the status of 
said ready/busy line is arranged to be changed back into said busy 
10 status. The block memory according to the present invention is 
primarily characterized in that after detecting a processing error the 
status of said ready/busy line is arranged to be changed back into said 
busy status. 

15 In a system and an electronic device according to an advantageous 
embodiment of the invention, the memory controller increases the 
memory addresses if data is stored consecutively to more than one 
page. 

20 The present invention shows remarkable advantages over solutions of 
prior art. With the method according to the present invention, it is 
possible to decrease the load of the processor, because no interrupt is 
caused to the processor in situations where programming is performed 
faultlessly. In addition, the need to transmit commands between the 

25 memory controller and the memory is smaller than when using 
memory structures according to prior art. In addition, with the method 
according to an advantageous embodiment of the invention is reached 
the advantage that the processor does not have to take care of 
increasing the memory addresses, in which case the execution time of 

30 the processor is freed for performing other tasks. 

Description of the Drawings 

In the following, the invention will be described in more detail with 
35 reference to the appended drawings, in which 
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Fig. 1 shows an electronic device according to a preferred 
embodiment of the invention in a simplified block diagram, 

Fig. 2a shows the signalling between a processor, a memory 
5 controller and a memory, in connection with erasing the 

memory to be used, in the method according to a preferred 
embodiment of the invention. 

Fig. 2b shows the signalling between a processor, a memory 
10 controller and a memory, in connection with programming 

to the memory to be used, in the method according to a 
preferred embodiment of the invention, and 

Fig. 3 shows a block memory according to a preferred embodi- 
15 ment of the invention in a simplified block diagram. 

Detailed Description of the Invention 

In the following description, the method according to an advantageous 
20 embodiment of the invention will be exemplified with an electronic 
device 1 shown in Fig. 1, wherein there is, among other things, block 
memory 2, such as NAND memory or NOR memory. In order to 
control the block memory 2, a memory controller 3 is advantageously 
arranged in the electronic device 1. It is, however, evident that the 
25 memory controller 3 is not necessary in all applications, but, for 
example, a processor 4 can be used in memory control operations. In 
this embodiment, the memory controller 3 and the processor 4 are 
arranged into the same Application Specific Integrated Circuit (ASIC) 
6, but these can also be separate circuits. 

30 

A connection bus 5 between the block memory 2 and the memory 
controller 3 comprises advantageously a data bus 5a (data) composed 
of at least one data line, as well as control lines 5b to 5h. By means of 
these control lines the performance of memory functions can be 
35 controlled. In an electronic device according to this advantageous 
embodiment, the control lines comprise a Command Latch Enable line 
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5b (CLE), an Address Latch Enable line 5c (ALE), a Chip Enable line 
5d (CE), a Read Enable line 5e (RE), a Write Enable line 5f (WE), a 
Write Protect line 5g (WP), and a Ready/Busy line 5h (R/B). In Fig. 1 
the mark # in connection with some control lines means that the line in 
5 question is a so-called "active when down" line, i.e. active in a logic 0- 
status. However, it will be evident that the invention is not limited solely 
to alternatives according to Fig. 1, but lines that are active when up (in 
logic 1 -status) can be used. 

10 For transmission of signals, there is a connection bus 7 between the 
processor 4 and the memory controller 3 as well. Among other things, 
addresses, data and control data, such as interrupts, are transmitted 
via this connection bus between the processor 4 and the memory 
controller 3. 

15 

In the method according to a preferred embodiment of the invention, 
control of the block memory 2 is advantageously performed in the 
following manner. First, the block-by-block emptying of the block 
memory 2 is described. This is presented in Fig. 2a as a signalling 

20 chart. Processor 4 sends function parameters affecting its operating 
state (arrow 201 in the chart in Fig. 2a) to the memory controller 3. 
After this, the processor 4 sends a memory block erasing command to 
the memory controller 3, and reports the base address, serial number, 
or corresponding information on the block to be erased, which 

25 identifies the block to be erased in the block memory 2 (arrow 202). In 
addition, the memory controller 3 is informed preferably of the number 
of blocks or the length of the memory area to be erased, if there are 
more than one blocks to be erased. After this, the memory controller 3 
sets, if necessary, the chip enable line 5d to a status, where the 

30 connection bus of the block memory is active. This status is, for 
example, the logic 0-status. When the block memory 2 is activated, the 
memory controller 3 first examines whether the block memory 2 is 
ready, for example, to receive commands, or is the block memory 2 in 
the middle of some function. If the block memory 2 is performing, for 

35 example, programming of data or erasing the memory, the block 
memory 2 usually cannot receive new commands. This can be 
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determined by examining the status of the ready/busy line 5h. The 
status can be either ready or busy. Let us assume here that in the 
ready status the ready/busy line 5h is in a logic 1 -status, and 
correspondingly in a busy status the ready/busy line is in a logic 0- 
5 status. 

When the ready/busy line 5h indicates that the block memory 2 is 
ready to receive commands, the memory controller 3 sets a block 
erasing command (arrow 203) to the data bus 5a of the connection 

10 bus 5. After this, a pulse Is advantageously sent to the command latch 
enable line 5b, In which case an inner controller 16 of the block 
memory 2 (see Fig. 3) reads the command from the data bus 5a on 
the edge of the pulse. Depending on the application, this edge can 
either be a rising edge or a downward edge. After this, the memory 

15 controller 3 sets an address data of the block to be erased, or a part of 
it, to the data bus 5a and after the address data has settled on the 
data bus 5a, the memory controller 3 forms a pulse to the address 
latch enable line 5c. Thus, the controller 16 of the block memory reads 
the address data from the data bus 5a. With the typical 8-bit bus used 

20 in this example, it is not possible to address the memory space of the 
entire block memory 2, in which case the address must be given in 
several parts. Thus, the memory controller 3 repeats the above 
described address transmission as many times as necessary, typically 
two or three times, in which case the block memory 2 uses all the 

25 transmitted address data to identify the block to be erased. When the 
entire address has been transmitted to the block memory 2, the block 
memory 2 (advantageously the controller 16) changes the status of the 
ready/busy line 5h, i.e. sets it to the busy status, for example to a logic 
0-status. After this, the block memory 2 begins erasing the memory 

30 area, i.e. starts to set all the bits on this memory area to a certain 
status, advantageously to a logic 1 -status. When the ready/busy line 
5h is in the busy status, the block memory 2 is performing the set 
function, i.e. in this case erasing the memory. 

35 In connection with erasing the memory area, it is checked in the block 
memory 2 whether erasing all the bits was successful or not. If some 
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bit has not settled into the desired status, the status data is saved in 
the block memory 2. After performing the erasing and comparison 
function, the status of the ready/busy line 5h is reset to the ready 
status, for example to the logic 1 -status (arrow 204). This change in 
5 the status of the ready/busy line causes an interrupt in the memory 
controller 3, in which case the memory controller moves to perform a 
corresponding interrupt service program. If an error occurred in 
erasing, error data indicative of this fact is transmitted to the memory 
controller advantageously in the following manner. In the block 

10 memory 2, the status of the ready/busy line 5h is changed back to the 
busy status. Now the memory controller 3 reads the status of the 
ready/busy line 5h (block 205), and if it is In said busy status, the 
memory controller 3 can conclude an error has occurred. If necessary, 
the processor 4 can be informed of this error, for example by an 

15 interrupt. However, if the status of the ready/busy line is in the ready 
status, the memory controller 3 can conclude that the function has 
succeeded and the next command can be transmitted to the block 
memory 2 (arrow 206). With this arrangement, the memory controller 3 
does not have to separately read the status data from the block 

20 memory 2, but the function can continue with, for example, erasing the 
next block, which is depicted by arrows 206 and 207, as well as block 
208 in Fig. 2a. In this example situation, the memory controller 3 has 
detected during the checking 208 of the status data that an error has 
been detected to have occurred during block erasing in the block 

25 memory 2. Thus, the memory controller 3 advantageously forms an 
interrupt (arrow 209) to processor 4, which, on the basis of this 
interrupt, can take the necessary procedures, such as try erasing the 
block again. If erasing the block does not succeed despite several 
erasing attempts, it can be assumed that in the block in question there 

30 are one or more faulty memory cells. Thus, the memory block in 
question can be marked as unfit for use and no memory procedures 
are aimed at it after that. It is, however, clear that in some applications 
the entire block is not necessarily unfit for use, but instead of the entire 
block it is possible to mark a page where the faulty memory cell is 

35 located as unfit for use. In addition, it is possible to arrange an error 
correction function in connection with the block memories, in which 
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case the faulty memory cell can be replaced with another memory cell, 
or the effect of a faulty memory cell can be attempted to be eliminated 
with an error correction algorithm or a corresponding method known as 
such. 

5 

Next, storing data to the block memory 2 will be described. This is 
presented in Fig. 2b as a signalling chart. The processor 4 sends 
function parameters affecting its operating state (arrow 21 1 in the chart 
in Fig. 2b) to the memory controller 3. After this, the processor 4 sends 

10 the memory controller 3 the programming command of the memory 
page, the data to be stored, as well as the address where the data is 
to be stored in the block memory 2 (arrow 212). This programming 
address is preferably a page address. As was already stated earlier, 
an individual byte cannot be stored as such in the block memories, but 

15 the data of that entire page where the change is taking place is to be 
stored. If the data area is larger than one page, the processor 4 
informs the memory controller advantageously also, for example, the 
number of the bytes, pages, or blocks to be stored, or the end address 
of the area to be stored. On the other hand, if the processor 4 sends 

20 all the data to be stored to the memory controller 3, the memory 
controller can, on the basis of the amount of data it has received, 
calculate the amount of data to be stored, as well as how many pages 
there are of the data to be stored. 

25 After this, the memory controller 3 performs the corresponding 
procedures to the block memory 2, as those presented in the erasing 
example above, i.e. if necessary, sets the status of the chip enable line 
5d and examines the status of the ready/busy line 5h. When the 
ready/busy line 5h indicates that the block memory 2 is ready to 

30 receive commands, the memory controller 3 sets a data programming 
command (arrow 213) to the data bus 5a of the connection bus 5. After 
this, advantageously a pulse is sent to the command latch enable line 
5b, in which case the inner controller 16 of the block memory 2 reads 
the command from the data bus 5a on the edge of the pulse. Next, the 

35 memory controller 3 sets an address data to the data bus 5a or a part 
of it, and after the address data has settled on the data bus 5a, the 
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memory controller 3 forms a pulse to the address latch enable line 5c. 
Thus the controller of the block memory reads the address data from 
the data bus 5a. After the entire address has been transmitted to the 
block memory 2, the block memory 2 changes the status of the 
5 ready/busy line 5h, i.e. sets it to busy status. After this, the 
programming of data into the memory cells is started in the block 
memory 2. When the status of the ready/busy line 5h is in the busy 
status, the block memory 2 is performing the set function, i.e. in this 
case saving the data into the memory. 

10 

Also, in connection with storing data, it is checked in the block memory 

2 whether setting all the bits to the desired status was successful or 
not. If some bit has not settled into the desired status, the status data 
is saved in block memory 2. After performing the programming and 

15 comparison function, the status of the ready/busy line 5h is reset to the 
ready status (arrow 214). This change in the status of the ready/busy 
line causes an interrupt at the memory controller 3, in which case the 
memory controller moves to perform a corresponding interrupt service 
program. If an error occurs in storing, error information of this is 

20 transmitted to the memory controller similarly as in connection with the 
erasing, advantageously in the following manner. In the block memory 
2, the status of the ready/busy line 5h is changed back to the busy 
status. Now the memory controller 3 reads the status of the ready/busy 
line 5h (block 215) and if it is in said busy status, the memory 

25 controller 3 can conclude an error has occurred. However, if the status 
of the ready/busy line is in the ready status, the memory controller 3 
can conclude that the function has succeeded and the next command 
can be transmitted to the block memory 2. If the data is stored 
correctly, the data programming can be continued, if necessary. Thus 

30 the memory controller 3 sends a programming command, 
advantageously the address of the next page, as well as the data to be 
stored in the page in question (arrow 216). In the method according to 
an advantageous embodiment of the invention, the memory controller 

3 increases the addresses, in which case the processor 4 does not 
35 have to take care of it. After the data of a page has been stored in the 

block memory 2, once again an Interrupt is formed to the memory 
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controller 3 (arrow 217), which after this checks the status of the 
ready/busy line (block 218). If an programming error has been 
detected, the memory controller 3 advantageously forms an interrupt 
(arrow 219) to processor 4, which on the basis of this interrupt can 
5 take the necessary procedures, such as try storing the data again. 

In some memories, data can also be copied inside the memory from 
one block to some other block without having to transfer the copied 
data outside the memory. This function is, in some connections, 

10 referred to as the Copy-Back technique. In order to perform the 
copying function advantageously, the processor 4 sends a copy 
command of the memory page, information on the location of the data 
to be copied in the memory (for example the base address), as well as 
the address where the data is meant to be copied in the block memory 

15 2 (for example a side address of the page in question) to the memory 
controller 3. If the data area to be copied is larger than one page, the 
processor 4 informs the memory controller advantageously also, for 
example, the number of the bytes, pages, or blocks to be copied, or 
the end address of the area to be copied. After receiving the 

20 necessary data the memory controller 3 transmits the data to the block 
memory 3, wherein the copying can be started. In transmitting 
commands, advantageously the functional principles described above 
in connection with storing are followed. When starting the data 
copying, the block memory 3 sets the status of the ready/busy line 5h 

25 to the busy status. After this, the copying of data is started in the block 
memory 2. When the ready/busy line 5h is in the busy status, the block 
memory 2 is performing data copying in the memory. In connection 
with copying the data, it is checked in the block memory 2 whether 
copying was successful or not. If an error has occurred in copying, the 

30 error data is stored in the block memory 2. After performing the 
copying and comparison function, the status of the ready/busy line 5h 
is reset to the ready status. If an error has occurred in copying, the 
status of the ready/busy line 5h is changed back Into busy status, in 
which case the memory controller 3 and/or the processor 4 can detect 

35 that an error has occurred. 
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The invention can also be applied in connection with reading data. 
Even then the data and command/commands required for reading are 
transmitted to the block memory 2, after which reading the data from 
the block memory 2 is started. If in connection with reading the block 
5 memory 2 detects an error, notification of this is performed, by 
applying the above-presented principles, by means of status changes. 
Error detection can be based on, for example, the inner monitoring 
characteristics possibly in the block memory 2, with which it is possible 
to examine the working order of the cells. 

10 

Figure 3 shows, in a simplified manner, the structure of the block 
memory 2 according to an advantageous embodiment of the invention. 
The block memory comprises a controller 16, which mostly performs 
the control of the above-described functions, such as indication of 
15 status data, data comparison, controlling the erasing/storing in the 
block memory 2, etc. In addition, there is an I/O block 17 in the block 
memory 2 for connecting the block memory 2 to the connection bus 5, 
a memory cell matrix 18, line and column address buffers 19, 20, a 
data buffer 21 , as well as registers 22. 

20 

In the electronic device according to Fig. 1, there is also a DMA block 
8 (Direct Memory Access). By means of this DMA block 8 it is possible 
to perform data transmission between the memory 9 of the electronic 
device and the memory controller 3 without the processor 4 having to 

25 take part in the data transmission. Thus, the processor 4 can perform 
other tasks during data transmission. The present invention can also 
be applied in such a manner that the processor 4 starts the data 
transmission, for example, from the memory 9 to the block memory 2 
by applying the principles presented above. The memory controller 3 

30 takes care of searching the data from the memory 9 by means of the 
DMA block 8, of storing the data in the block memory, and of 
confirming the accuracy of the stored data. In an error situation the 
memory controller 3 can, for example, with an interrupt inform the 
processor 4 of an error, in which case the processor 4 can start the 

35 procedures caused by the error. On the other hand, the invention can 
also be applied in such a manner that the memory controller 3 first 
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tries to remove the inaccurately stored data for example by trying the 
storing again, and if that does not succeed, the memory controller 3 
notifies the processor 4 of the error. 

Even though the invention is described above in an electronic device, 
where the memory controller 3 and possibly also the DMA block 8 is 
used, it is clear that the invention can be applied also without the 
memory controller 3 and the DMA block 8. If the memory controller 3 is 
not used, the block memory 2 can be connected to, for example, the 
bus of the processor 4. Thus, the procedures performed above by the 
memory controller 3 are performed in the processor 4. Also in this 
case it is possible to decrease the load of processor 4 with the present 
invention because, among other things, the status data does not have 
to be separately read from the block memory 2, but it can be 
determined by examining the status of the ready/busy line 5h of the 
block memory. 

The above mentioned ready/busy line 5h does not necessarily have to 
be used as the ready/busy line of the block memory 2, but instead of it 
some other line of the connection bus 5 can be used, such as some 
data line of data bus 5a, or it is possible to arrange a specific line for 
this purpose. 

It should be noted here that instead of interrupt it is possible to use 
another method as well, with which the operating state of the block 
memory can be monitored during data programming and erasing. 
Thus, for example, the memory controller 3 reads the status of the 
ready/busy line 5h at intervals and when the memory controller detects 
a status change from the busy status to the ready status, it is possible 
to conclude from this that the block memory 2 has finished the function 
that was started with the previous command. After this, the memory 
controller 3 can monitor if the block memory 3 changes the status of 
this ready/busy line relatively quickly back to the busy status, which, 
thus, is a sign that an erasing/storing error is detected in block memory 
2. 
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After an error situation, the block memory 2 sets the status of the 
ready/busy line back to the ready status advantageously in that stage 
when the next operation is directed at the block memory at the latest. 
The block memory can detect this from the change of status of some 
control line, such as the status change in the chip select line 5d. 

In the electronic device 1 according to Fig. 1 there is also a user 
interface, wherein there is e.g. a display 10, a keyboard 11, an 
earpiece 12, and a microphone 13. In addition, in the electronic device 
1 there is also a transmitter 14 and a receiver 15 for performing mobile 
communication functions. 

The invention can also be applied in connection with memory cards 
(not shown). This type of memory cards can be connected by means 
of a card interface arranged to the electronic device 1. Thus, the 
transmission of commands and signals as presented above is 
performed via the card interface. Block memory applying the method 
according to the invention is advantageously arranged to the memory 
card. 

It will be evident that the present Invention is not limited solely to the 
above-presented embodiments but it can be modified within the scope 
of the appended claims. 
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